We report a case of a brain abscess due to Bacillus macerans and Clostridium sp. following a penetrating periorbital injury by a wooden branch. Intracranial penetration by and retention of a foreign body were not suspected initially, and neurological symptoms developed only 2.5 months later. Previously reported cases of brain abscesses due to Bacillus species are reviewed.
Periorbital puncture wounds by wooden objects are particularly dangerous because of the risk of unsuspected intracranial penetration and retention of a foreign body. Months after an apparently trivial injury, serious infectious complications, such as a brain abscess, can occur (4, 5, 18) . Non-anthrax Bacillus species, which are often dismissed as contaminants when recovered from clinical specimens, are now increasingly recognized as opportunistic pathogens (8, 9, 11, 22, 23) . However, there have been very few reports of brain abscesses due to these bacteria. This report describes a case of intracranial infection due to Bacillus macerans following a penetrating periorbital injury.
A previously healthy 52-year-old man fell from a scaffold onto a Thuja hedge. He did not lose consciousness and suffered only a right orbital hematoma. A skull X-ray revealed no fracture. Three weeks later, he developed an abscess on the right eyelid which was treated by drainage and a 3-week course of oral amoxicillin-clavulanate (2 g/day). Two and one-half months after the initial trauma, the patient began to experience severe frontal headaches and giddiness and became increasingly disoriented. A cranial computerized tomography scan showed a right frontal lesion with dilated ventricles and a major mass effect. The patient was transferred to a neurosurgical unit. At the time of admission, he was conscious but lethargic and complained of severe headaches. On the following day, his condition began to deteriorate, with seizures, confusion, and facial paralysis. Magnetic resonance imaging showed a right frontal lesion with surrounding edema and ventricular dilatation due to obstruction of the interventricular foramen. Surgical exploration after frontal craniotomy revealed a major inflammatory granuloma, containing a limited amount of pus, which originated from a fracture line in the orbital roof and progressed into the right frontal lobe. Small fragments of bark were found between the dura mater and the bone. Specimens of abscess pus, the foreign body surrounded by the granuloma, and ventricular fluid were taken to the microbiology laboratory. The patient was started on intravenous amoxicillin (12 g/day) and metronidazole (1.5 g/day). On the day following the intervention, his condition deteriorated, with an extension response to stimuli of the upper limbs and nonreactive pupils. Transcranial Doppler analysis revealed intracranial hypertension, and a computerized tomography scan showed a major cerebral edema with attenuation of the frontal lobes and the presence of blood and gas. A second surgical intervention was undertaken to set up an external ventricular shunt. The patient died during the postoperative course.
The specimens were cultured onto the following media at 37ЊC for 48 h: blood agar (incubated aerobically and anaerobically), chocolate agar (incubated in 5% CO 2 ), and Sabouraud agar. Thioglycolate broth was also inoculated with the ventricular fluid and incubated for 5 days. Direct Gram staining of the abscess pus revealed numerous altered polymorphonuclear leukocytes and rare gram-variable rods, but no bacteria were seen in the granuloma and the ventricular fluid. Aerobic cultures of the pus and the granuloma on blood agar and chocolate agar yielded a moderate amount of a nonhemolytic, spore-forming, gram-variable rod in 48 h. The same organism was recovered in 72 h from the thioglycolate broth inoculated with ventricular fluid. The spores were ellipsoidal and subterminal and swelled the bacilli. The isolate was motile, catalase positive, and facultatively anaerobic. It utilized glucose, xylose, arabinose, mannitol, and galactose but not inositol and sorbitol. A Bacillus species was suspected. It was identified as B. macerans with API 20E and API 50CHB strips (Biomérieux) and a few supplementary tests (16, 24) . The main growth and biochemical characteristics of the isolate are shown in Table 1 . Antibiotic susceptibility was tested by the disk diffusion method on Mueller-Hinton agar in accordance with the guidelines of the French Antibiogram Committee (1). The results were as follows: susceptibility to amoxicillin, ticarcillin, piperacillin, cefalotin, cefoxitin, cefotaxime, gentamicin, tobramycin, netilmicin, amikacin, minocycline, pefloxacin, and trimethoprim-sulfamethoxazole and resistance to colistin. Meanwhile, anaerobic cultures of the granuloma grew a few colonies of a gram-positive, spore-forming, catalase-negative, strictly anaerobic rod producing beta-hemolytic colonies on blood agar. The rapid ID 32A and API 20A systems (Biomérieux) identified the organism as Clostridium butyricum or C. beijerinckii. However, gas-liquid chromatography analysis of fermentation products showed that the isolate produced a lot of acetic acid and very little butyric acid. This result is inconsistent with C. butyricum or C. beijerinckii, which has a much higher butyric acid/acetic acid ratio (17) . C. indolis was suspected on the basis of gas-liquid chromatography analysis but eventually excluded because of three inconsistent characteristics (indole negative and rhamnose and xylose positive). The strain could therefore not be identified to the species level. This diagnosis was confirmed by a reference center (Institut Pasteur, Paris, France). Susceptibility testing by the disk diffusion method on Wilkins-Chalgren agar showed that the isolate was susceptible to penicillin G, amoxicillin, ticarcillin, piper-acillin, imipenem, cefoxitin, chloramphenicol, minocycline, and metronidazole and resistant to clindamycin.
Cases of delayed intracranial infections following periorbital injuries have often been reported (4, 5, 10, 18) . The penetrating object is usually a wooden stick, a branch, or a pencil. Wood is especially dangerous since it is porous, often grossly contaminated, easily fragmented, and difficult to detect radiologically. Because the head is unconsciously thrown backward at the instant of injury, the traversing object is most often directed toward the superior orbital plate, which is very thin and allows easy access to the frontal lobes. Organisms present on the wood, or skin bacteria contaminating it during the impact, may be thus transported intracranially. Most of the time, the initial wound appears to be superficial, does not damage the ocular globe, and is considered to be trivial. Intracranial penetration by and retention of a foreign body are not suspected, since immediate neurological symptoms are rare and ordinary X-rays often appear normal. Serious infectious complications can occur days to years after the initial wounding. Brain abscess, which is the most frequent complication and the main cause of death, occurred in half of the 42 cases of intracranial injury following periorbital wounds reviewed by Miller et al. (18) and 15 of the 21 cases of cerebral injury by pencils reviewed by Bursick and Selker (5). The pathogen most frequently involved was Staphylococcus aureus. The case we have described differs from those reported in the literature by its very unusual bacterial etiology.
Members of the genus Bacillus are gram-positive, aerobic, spore-forming rods that are ubiquitous in the environment (6). Whereas B. anthracis is a well-known pathogen, non-anthrax Bacillus species have often been dismissed as culture contaminants when isolated from clinical material. However, their role as opportunistic pathogens has been increasingly recognized over the past few decades (3, 8, 9, 11, 22, 23) . The most frequently involved organisms are B. cereus and, to a lesser extent, B. subtilis and B. licheniformis, whereas other species have been very rarely incriminated. In a recent review of the medical importance of Bacillus species (15), Logan found only one case of human infection due to B. macerans. It was a wound infection following removal of a malignant melanoma (11). This species was described by Schardinger in 1905 (21) . Its spores are rarely found in soil, but it multiplies in plant materials (6) . It has been isolated from cases of cattle abortion in Scotland (15) .
Approximately 30 cases of Bacillus central nervous system infections, consisting mainly of meningitis and ventricular shunt infections, have been reported (25) . Most of them were due to B. cereus and associated with predisposing factors, such as surgical procedures or head trauma. However, case reports of Bacillus brain abscesses are exceptional. Our review of the VOL. 33, 1995 33, NOTES 1951 literature yielded only five cases since 1960 (Table 2 ). In cases 1 to 3 (11, 20) , brain abscess was a postmortem finding in immunocompromised patients with disseminated infections. Case 4 (12) also occurred in a neutropenic patient, and the cerebral location was probably a metastatic focus subsequent to hematogenous spread of bacteria. In contrast, the case reported by Jones et al. (13) is quite similar to ours: B. licheniformis was isolated from a frontal brain abscess following a penetrating periorbital injury by a dried plant stem. Small fragments of wood were found in the abscess cavity, and anaerobic organisms were associated with the Bacillus species. The patient was successfully treated by drainage and antibiotics. When isolating a Bacillus species from a clinical specimen, microbiologists need to distinguish between a real pathogen and a contaminant. A Bacillus isolate is generally considered clinically significant when it is recovered from at least two blood cultures drawn on different occasions or one blood culture with a microbiologically documented source of infection or isolated in pure culture from a surgical specimen obtained during an open surgical procedure with clinical evidence of infection at that site (3, 22) . The present isolate was recovered from three distinct surgical specimens, and although it was not purely cultured from one of them it was considered to be responsible for the infectious process. Clinically significant isolates should be identified to the species level. Moreover, we think that species identification should be systematically performed for isolates from patients at high risk of Bacillus infection, i.e., granulocytopenic patients with intravascular catheters and intravenous drug abusers (3, 8, 20, 22, 23) . Species identification is difficult because of the great number of species, some of them ill defined, and the considerable variation between strains within each species. It has been greatly facilitated by the availability of miniaturized test strips (API 50CHB and API 20E) which, in conjunction with morphological observations, can identify up to 38 Bacillus species and subspecies (16) . Our isolate, on the basis of its subterminal, ellipsoidal spore swelling the bacilli and its variable Gram staining, was assigned to morphological group 2 (24) . The most frequently isolated species, B. cereus, B. subtilis, and B. licheniformis, belong to group 1, characterized by gram-positive, nonswollen bacilli. Differentiation from the closely related species B. circulans and B. polymyxa was achieved by the following tests ( Table 1) : utilization of D-arabinose and D-arabitol, growth at 50ЊC, and production of gas from carbohydrates. Non-anthrax Bacillus species are generally resistant to most ␤-lactam agents (3, 22, 25) . However, there may be some variation among the different species (7). Our isolate was susceptible to all of the ␤-lactams tested. We found no previous reports of the susceptibility of this particular species to antibiotics.
Clostridia are anaerobic, spore-forming organisms that are ubiquitous in the environment. They can be found in brain abscesses following craniotomy (2), retention of foreign bodies (19) , and lawn dart injuries (14) . In the present case, the Clostridium isolate associated with the Bacillus strain could not be identified to the species level, since it was closely related to C. beijerinckii according to its sugar fermentation pattern and to C. indolis according to gas-liquid chromatographic analysis of its fermentation products.
Intracranial penetration should be considered in all periorbital puncture wounds. Patients should undergo careful radiological examination, especially computerized tomography scanning, to detect retained foreign bodies and, as a minute fragment could go undetected, follow-up monitoring with interval computerized tomography for early diagnosis of a brain abscess (10) . Antibiotic therapy is recommended, even in the absence of signs of intracranial involvement (4), and should be directed not only against S. aureus but also against ubiquitous organisms such as Bacillus and Clostridium species. Microbiologists should be aware of the increasing medical importance of Bacillus species and be able to routinely identify them.
